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Summary Ictal transient opercular syndrome is rarely observed in benign epilepsy
with centro-temporal spikes in children, and even more rarely in epilepsia partialis
continua and symptomatic focal status epilepticus in adults. Here we report the ictal
and interictal neuroimaging and electrophysiological findings in an adult female
suffering from discontinuous focal status epilepticus presenting as a transient oper-
cular syndrome. This patient was unusual insofar as the discharges were strictly
unilateral, i.e., that even with extensive neuroimaging no structural abnormalities
could be found.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
The opercular syndrome, deriving its name from
anatomy and also known by the eponym Foix—Cha-
vany—Marie, defines the cortico-subcortical type of
the supranuclear or pseudo-bulbar palsy. The ante-
rior (frontal) opercular syndrome, to be differen-
tiated from the posterior (parieto-temporal)
syndrome, comprises essentially difficulties in
speech and swallowing due to the loss of voluntary
control of the oro-facio-linguo-pharyngo-mastica-
tory muscles, while automatic-emotional and
reflexive activities remain intact.1 Various congeni-
tal malformations and acquired structural etiologies* Corresponding author. Tel.: +41 44 255 48 21.
E-mail address: david.benninger@usz.ch (D.H. Benninger).
1059-1311/$ — see front matter # 2006 British Epilepsy Association
doi:10.1016/j.seizure.2006.12.005affecting the opercular region cause permanent
supranuclear bulbar palsy, cognitive and motor def-
icits, and also seizures. A transient or intermittent
opercular syndrome has been described in certain
epileptic disorders. Rare cases are reported in chil-
dren presenting clinical and EEG features consistent
with benign epilepsy with centro-temporal spikes
(BECTS) or BECTS-like epilepsy with unilateral brain
lesions, and even rarer cases in adults in epilepsia
partialis continua and symptomatic focal status epi-
lepticus.2
We report the clinical, EEG, MRI, functional MRI,
H2
15O positron emission tomography (PET) and MR
spectroscopy findings during a discontinuous focal
status epilepticus in an adult presenting with a
transient opercular syndrome without structural
pathology in MRI.. Published by Elsevier Ltd. All rights reserved.
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A 34-year-old right-handed woman with a history of
epilepsy was admitted with a discontinuous focal
status epilepticus persisting for 6 weeks and refrac-
tory to various combinations of antiepileptic drugs
(AED), such as carbamazepine, phenytoin, cloba-
zam, levetiracetam. At 14 years of age, she had
been diagnosed with ‘‘cryptogenic’’, presumably
multifocal epilepsy. These seizures consisted of
focal clonic jerks of the right arm and, once, of
the left foot. The seizure event of the left foot was
accompanied by right parietal epileptiform abnorm-
alities in the ictal scalp EEG. At 15 years of age, she
underwent an extensive examination at another
hospital, which revealed normal neurological and
neuropsychological and brain CT findings, but inter-
mittent interictal bi-occipital EEG ‘‘abnormalities’’.
After the seizures had been well controlled for
several years with a monotherapy with phenytoin,
the antiepileptic treatment was stopped at 18 years
of age and the patient remained seizure free except
for a single generalized seizure at age 22. Her past
medical history including pregnancy, birth and psy-Figure 1 Video-EEG during a short-lived seizure discharge lo
reversal of the 12/s rhythmic activity over C3 and with incre
patient’s ictal behavior consisted of head and eye deviationchomotor development was unremarkable. Her sis-
ter had a few ‘‘syncopal’’ episodes of loss of
consciousness in puberty, which were interpreted
as syncopes.
At time of admission, focal seizures consisted of
tonic contractions of the right oro-facio-linguo-mas-
ticatory muscles, accompanied by a sensation of
‘‘lump in the throat’’ and choking suggesting invol-
vement of the laryngo-pharyngeal muscles. The
articulatory and swallowing difficulties persisted
to a lesser degree in the short interictal phases.
Occasionally, a tonic contraction of the right hand
and arm or an arrest reaction with impairment of
consciousness or both, were observed. Secondary
generalized seizures did not occur. The ictal scalp
EEG showed rhythmic activity in the left frontopo-
lar-precentral region with predominance over C3
(Fig. 1). Clinical and electroencephalographic sei-
zure activity ceased after 8 days of intravenous
diazepam, whereas occasional speech difficulties
persisted for another few weeks. The patient
remained seizure-free over the next 20 months.
Extensive investigations including laboratory and
CSF analyses, metabolic tests and search forcalized to the left temporo-central region with wide phase
asing amplitudes (see enlarged EEG-detail, bottom). The
to the right (1, pre-ictal; 2, ictal).
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DNA, TGB) and serologic markers (lues, HSV, VZV,
HIV, borrelia, toxoplasma, mycoplasma) were all
negative, and protein immunoelectrophoresis was
normal. A high resolution 3 T MRI was performed
(Fig. 2).Methodology
MRI acquisition
Anatomical MRI examination was performed with a
3 T Philips Intera, Best Netherlands, consisting of
coronal and sagittal T2-, high-resolution T1-
weighted, 3D SPGR as well as axial and coronal fluid
attenuation inversion recovery (FLAIR).
Functional MRI acquisition
Blood-oxygen level dependent (BOLD) fMRI was per-
formed during the discontinuous status epilepticus
and in the postictal phase (2 months later). fMRI was
conducted at 1.5 T using a gradient-echo, echopla-
nar sequence with a voxel size of 2 mm  2 mm 
4 mm. Normative data from 12 healthy subjects
were used for comparison. During a long scanning
period of 10 min, three epileptic attacks have
occurred, which have been monitored by visual
observation while the patient was inside the scan-
ner. In the postictal phase (2 months after seizure
cessation) the patient was asked to simulate the
seizure, i.e. to contract themuscles of the right face
and push the tongue to the right side as she hadFigure 2 Axial FLAIR and post-contrast T1-weighted MR imag
cortical developmental anomalies in the fronto-opercular regexperienced. After motion correction of the data,
single subject (patient) and group (controls) ana-
lyses were made using the linear model, and the
volumes of activation and the maximum t value of
each activated cluster were quantified, as described
elsewhere.3
2D MRSI acquisition
All three studies (intermittent status epilepticus, 2
and 6 months follow-up) were performed on the
same1.5 T Gyroscan Intera MR system (Philips Med-
ical System, Best, The Netherlands). After acquisi-
tion of scout images, an axial T1-weighted Turbo
Field Echo (TFE) TR/TE = 20/0.8 ms covering the
region of interest was acquired. Spectroscopic mea-
surements were done with a 2D MRSI sequence (TR/
TE = 1500/144 ms) using PRESS volume pre-selec-
tion (20 mm axial, 113 mm left-right, 62 mm ante-
rior—posterior) with 24  24 phase encoding steps
and a 200 mm2 FOV using the same geometry as for
the TFE. The TFE was used to select spectra from the
left and right frontal, subcortical, insular and tem-
poral region. The selected spectra were fitted and
mean and standard deviation of NAA/(Cr + Cho) for
each region calculated (see Table 1). The control
group consisted of four healthy subjects (3 men, 1
women, mean age: 28.8 years) who were studied
with a comparable protocol.
A H2
15O PET acquisition
PET scans were acquired on a whole-body scanner
(Advance GE Medical Systems, Waukesha, WI) ines show a small incidental DVA (arrow), but no evidence of
ion.
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Table 1 1H MR spectroscopic findings during status epilepticus and in interictal state
Region Intermittent status Two months follow-up Six months follow-up
Right Left Right Left Right Left
Frontal 1.4 (0.3) * 1.3 (0.1) * 1.5 (0.3) * 1.4 (0.1) * 1.7 (0.4) 1.5 (0.1) *
Insula 1.8 (0.3) 1.3 (0.3) 1.5 (0.1) 1.5 (0.1) 1.5 (0.1) 1.5 (0.2)
Subcortical Gray 1.5 (0.2) 1.4 (0.2) * 1.6 (0.2) 1.6 (0.2) 1.6 (0.2) 1.6 (0.2) *
Temporal 1.8 (0.3) 1.6 (0.2) * 1.8 (0.3) 1.7 (0.2) * 1.9 (0.3) 1.7 (0.2)
* Significantly lower (p < 0.05 with U-test) compared to corresponding voxels in control group (n = 4).three-dimensional mode with a 15 cm axial field of
view. For both examinations H2
15O was administered
as an infusion (60 ml/h) with a remotely controlled
injection device. PET counts were recorded dyna-
mically (200 scans, each with a duration of 15 s)
after steady state was reached.4 A 10 min transmis-
sion scan was performed between the second and
third block. Attenuation corrected data were recon-
structed into 35 image planes (slice thickness,
4.25 mm; matrix, 128  128; pixel size, 2.34 mm).
Head movements between the scans were corrected
using the least squares method implemented inFigure 3 fMRI during the ictal phase (A) and postictal simul
additional activation is elicited in the subcortical stuctures (bo
fMRI during the simulation task (B1). Furthermore, during the
the M1 regions bilaterally with ipsilateral (to the presumed ep
as in the cingulate cortex (A2 compared to B2).statistical parametric mapping software, SPM99.5
Proportional scaling was applied for global normal-
ization to remove global effects. To ameliorate
residual inter-individual anatomical and functional
differences after spatial normalization, the scans
were smoothed with a Gaussian filter of 15 mm
FWHM.
The cerebral blood flow images acquired during
the intermittent status epilepticus were correlated
using SPM996 with the onset times of eight epileptic
seizures during scanning, as measured with EEG.
After the patient had been seizure free for 2ation task (B), 2 months later. During the ictal phase (A1),
th thalami and basal ganglia) in comparison to the postictal
ictal phase additional increased activity was detected in
ileptogenic focus) predominance (here not shown), as well
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Figure 4 H2
15O PET during the ictal phase (white/green) and postictal simulation task (grey/red). The statistical
parametric maps show higher activity during epileptic seizures. Activity during the simulation task (grey/red) with a t
value>3 is overlaid on the average PET image of the patient. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of the article.)months, a similar simulation experiment as for
fMRI was performed. SPM99 was used to compare
the cerebral blood flow data during simulation
and rest.Results
Anatomical images showed no evidence of cortical
abnormalities suggestive of migration or gyration
pathology. The post-contrast T1-weighted images
showed an incidental small developmental venous
anomaly (DVA) in the antero-superior segment of the
superior frontal gyrus (Fig. 2).
During the discontinuous status epilepticus, fMRI
(Fig. 3) and H2
15O PET (Fig. 4) showed significant
activation in the ipsilateral, i.e. epileptogenic, and
to a smaller degree also in the contralateral, e.g.,
non-epileptogenic primary motor cortices (M1), in
the ipsilateral supplementary motor area (SMA),
ventral premotor cortex (PMv), cingulate motor
areas (CMA), subcortical structures (basal gang-
lia/thalamus), and contralateral rostral paraver-
mal cerebellum. In the simulation task during the
seizure-free period, increased activation was found
in both M1 with ipsilateral predominance, in the
ipsilateral SMA and PMv, but not in CMA or in the
subcortical structures. Compared to the intermit-
tent status epilepticus, the extent of the activation
in the simulation task was decreased. In the MRS
study, NAA/(Cr + Cho) was significantly decreased
in both frontal lobes as well as in the ipsilateral
temporal lobe and basal ganglia during the status
epilepticus (Table 1). Twomonths after cessation of
the seizures, the NAA/(Cr + Cho) ratio was still
reduced in both frontal lobes but within controlvalues in the ipsilateral temporal lobe and basal
ganglia. Six months after seizure cessation the
contralateral frontal NAA/(Cr + Cho) had increased
to normal values. The ipsilateral frontal NAA/
(Cr + Cho) ratio was slightly increased but still
below normal values.Discussion
This patient presented with a transient opercular
syndrome due to a discontinuous focal status epi-
lepticus. Two aspects are of particular interest: (a)
the onset in adulthood without structural pathology
in MRI or specific EEG pattern, and (b) the presumed
unilateral epileptogenesis causing the opercular
syndrome.
A reversible acquired epileptic opercular syn-
drome (AEOS) is a rare condition and differs from
a permanent palsy due to a structural pathology
with symptomatic epilepsy. AEOS has been reported
sporadically in children presenting with clinical and
EEG features of benign epilepsy with centro-tem-
poral spikes (BECTS).7—13 In adults, rare cases have
been reported in BECTS-like epilepsy, in opercular
epilepsy associated with focal brain lesions and in
epilepsia partialis continua.2 In our patient, no
structural pathology or other cause could be deter-
mined despite extensive investigations. In two simi-
lar cases with the electro-clinical findings of an
opercular syndrome and perisylvian hyperperfusion
in single photon emission tomography (SPECT),13,14
one patient had a mild bilateral perisylvian cortical
dysplasia, which was only detected in a SISCOM
(subtraction of ictal from interictal SPECT and co-
registration with MRI)-guided re-evaluation of the
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lar as our patient.14 Perisylvian cortical dysplasia is a
frequent cause of a (permanent) opercular syn-
drome, but clinical and radiological patterns and
expressions can vary considerably.15—18 Since our
patient was not operated on and no histology is
available, we cannot exclude the presence of micro-
structural abnormalities. A developmental venous
anomaly (DVA) can sometimes be associated with a
concomitant cortical malformation, but the locali-
zation distant (left superior frontal gyrus) from the
seizure onset zone renders a causal link in this
patient rather unlikely.
In the opercular syndrome without structural
pathology, epileptogenesis tends to be bilateral
such as in childhood BECTS. However, electroclinical
seizures in our patient indicated a well-localized
unilateral focal epileptogenesis in the left frontal
operculum with ictal contraction of the right facial
musculature and, particularly, of the right corner of
the mouth, which is solely represented in the con-
tralateral motor cortex.19 Although the ictal scalp
EEG pattern indicated a well-localized focal dis-
charge, it cannot be excluded that contralateral
spread was present but was obscured by motion
artifacts or was confined to the deep structures so
that it could not be detected in scalp EEG. In our
case, additional evidence for an unilateral primary
epileptogenic zone comes from the very prominent
activation pattern in the left primary motor cortex
with complementary somatotopic activation in left
motor areas (supplementary, ventral premotor and
cingulate cortices, basal ganglia and thalamus) and
right cerebellum. The minor activation in the right,
i.e. contralateral primary motor cortex may be
explained by either a proprioceptive or move-
ment-induced activation, or a transcallosal spread
of epileptic activity. A voluntary contraction to
suppress the seizure activity was neither reported
by the patient nor observed, and a more widespread
activation of motor cortex areas would be expected
in such a case. Furthermore, the same sensorimotor
cortical and subcortical areas were activated during
the post-ictal simulation task, but to a lesser extent
as compared to the ictal state, while the patient was
asked to simulate a typical seizure and, evidently,
without a suppression manoeuver. The findings of
functional MRI and H2
15O PET are concordant and
point to a unilateral seizuremanifestation. Thus, we
conclude, that unilateral lesions can cause an oper-
cular syndrome and, that in our patient a discontin-
uous status epilepticus has caused the long-lasting
opercular dysfunction. There might be analogies to
the Landau—Kleffner syndrome (LKS) in which
excessive inhibitory reactions to epileptic dis-
charges are assumed.The MRS findings during the discontinuous focal
status epilepticus are consistent with bilateral
neurological dysfunction. The postictal MRS find-
ings are consistent with persistent neuronal dys-
function in the primary epileptogenic area and may
reflect neuronal loss in the ipsilateral operculum
due to excitotoxic effects of the prolonged seizure
activity. However, in absence of a MRS study before
the status epilepticus, a preexisting NAA reduction
due to a microscopic cortical dysplasia cannot be
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